New phosphinoyl-containing tetradentate heterocycles preorganised for metal ion binding were designed and prepared in high yields. The X-ray structures of two allied phosphinoyl-bearing 2,2'-bipyridyl and phenanthroline ligands, as well as closely related structures of 2,6-bis(diphenylphosphinoyl)pyridine and 9-(diphenylphosphinoyl)-1,10-phenanthroline-2-one, are reported. Complexes of nitrates of several lanthanides and trifluoroacetate of Eu(III) with two phosphinoyl-bearing 2,2'-bipyridyl and phenanthroline ligands were isolated and characterised. The first structures of lanthanide complexes with phosphinoylbearing 2,2'-bipyridyl and phenanthroline ligands are reported. The nature of the counter-ion is crucial for the coordination environment of the metal ion. The photophysical properties of the complexes differring in both the nature of the ligand and counter-ion were investigated. The photophysical properties of the complexes are strongly ligand-and counter-ion-dependent. Absorbance and luminescence excitation spectra of complexes showed main peaks in the UV range which correspond to the absorption of light by the ligand and these are ligand-dependent. Luminescence spectra of complexes show typical europium emission in the red region with a high quantum yield, which corresponds to the transitions 5 D 0 → 7 F J ( J = 0-6). The value of deviation of the components of 5 D 0 → 7 F 2 and 5 D 0 → 7 F 1 transitions from the inversion centre shows a larger dependence on the counter-ion than on the nature of the ligand. The value of the luminescence quantum yield is larger for europium complexes with 2,2'bipyridyl-based ligands and NO 3 counter-ions than for complexes with phenanthroline-based ligands and NO 3 counter-ions. A low dependence of the luminescence lifetime of Eu complexes on the nature of the ligand has been demonstrated: values in the solid state were in the range 1.1-2.0 ms. † Electronic supplementary information (ESI) available. CCDC 1521997-1522002.
Introduction
Growing research efforts in the field of rare earth element (REE) complexes with bipyridine-type ligands are associated with their outstanding potential from the viewpoint of their fundamental and practical applications. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Extended variation capabilities of supramolecular structures, as well as modification of peripheral positions of heterocycles, allow fine tuning of the molecular properties required for high technology applications. The high coordination numbers of lanthanide ions provide alternative methods for the modification of the properties of complexes by varying the counter-ion coordinated to the metal centre. This opens several new applications for already known complexes. 14, 15 So the use of trifluoroacetate complexes provides a path for the preparation of several highly intense luminescent systems. [15] [16] [17] N,O-Polydentate hard-and-soft heterocyclic compounds attract attention as ligands for REE complexes due to their distinguished photophysical 5, [18] [19] [20] and magnetic 21 properties and also due to their ability to discriminate ions of f-elements by their size. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Over several years we have designed novel types of N,N′,O,O′-tetradentate bypyridyl-based reagents for the selective separation of actinides from lanthanides 9,34-37a significant radiochemical problem in the field of closed nuclear fuel cycle development. 38 REE complexes with this new type of ligand possess promising photophysical properties which have been studied in detail along with the structure of the complexes. 39 In this work we combine hard-donor phosphinoxide groups with a soft heterocyclic framework. We investigate N,N′,O,O′-tetradentate bypyridyl-based phosphinoxide compounds as ligands for lanthanide ions. The ligands bearing phosphinoxide groups together with a pyridine structural motif show intense solvent and counter-ion dependent luminescence. [40] [41] [42] In such complexes the energy transfer occurs from the ligand to the metal presumably via the pyridine (or other heterocycle) N-Ln coordination bond, but the emitted complexes have never been structurally characterised. There is one example of a structurally characterized coordination polymer of the REE complex, the pyridine-based phosphinoxide ligands, which have no metal ion coordination with the pyridine ring. 43, 44 The coordination of lanthanide ions with a heterocyclic five-ring moiety simultaneously with the phosphinoxide-group exists in 4,5-bis(diphenyl)phosphoranyl-1,2,3-triazolate-based complexes with REEs. 45 Here we report studies on the complexation of the europium ion with two N,N′,O,O′-tetradentate planar 2,2′-bypiridine-type systems both tuned by preorganisation of the ligand. Moreover, investigation of the correlation between the nature of the counter-ion and photophysical properties was performed by the introduction of a nitrate or trifluoroacetate counter-ion.
Results and discussion
The preparation of phosphinoxide-decorated 2,2′-bipyridyl starts from 6,6′-dibromo-2,2′-bipyridine which is available mostly by 2,6-dibromopyridine coupling. 46 We introduced dichloro-substituted heterocycles as alternative building blocks for the construction of phosphinoxide-containing ligands. Dichloro derivatives are usually readily available for a wide range of heterocycles such as 2,2′-bipyridine 47 and o-phenanthroline 48, 49 and can be easily transformed into corresponding bis(diphenylphosphinoxides) by the reaction with Ph 2 PNa (Schemes 1 and 2).
Oxidation of the commercially available 2,2′-bipyridyl with in situ generated peracetic acid leads to 2,2′-bipyridine-N,N′dioxide. The latter was converted into Cl 2 -bipy using PCl 5 in POCl 3 . 47 The reaction of Cl 2 -bipy with sodium diphenylphosphide under an inert atmosphere and subsequent oxidation of the mixture with hydrogen peroxide provided the target phosphinoxide DPPO in a preparative yield of 52%.
Synthesis of phenanthroline-2,9-bis(diphenylphosphinoxide) (PnPPO) is shown in Scheme 2. Contrary to the method initially proposed for quaternisation, which consisted of heating 1,3-dibromopropane and phenanthroline in nitrobenzene at 120°C which led to the target salt in 70% yield, 49 we used bromobenzene as a solvent and 4 h heating at 115°C gave a yellow precipitate of the target salt with quantitative yield. Furthermore, oxidation of the quaternary salt in air in the presence of alkoxides in the corresponding alcohol (EtOH/ EtONa, tBuOH/tBuOK) gave PTDO in 81% and 75% yields, respectively. The product reacted with the POCl 3 /PCl 5 mixture under reflux for 8 h to form DCPT. 49 After treatment with Ph 2 PNa and subsequent oxidation with 5% H 2 O 2 , DCPT was converted to PnPPO in 70% yield. The reaction at 0°C was complicated by the formation of a side product: the partial hydrolysis of phenanthroline chloride occurred (1) . The diphenylphosphide ion assisted dealkylation of alkoxysubstituted pyridine was a major product of the reaction with the corresponding 2-chloropyridine. 50 Analytical and spectroscopic characteristics are consistent with the suggested structure. The PvO fragment in both compounds is evidenced by IR spectroscopy (1202 and 1200 cm −1 ) and 31 P NMR. The phosphorus chemical shift (21.3 ppm in DPPO and 31.5 ppm in PnPPO) confirms the presence of the phosphine oxide group. Two doublets for the geminal carbons in the 13 C NMR spectrum (156.37-155.06 ppm with 1 J P-C(Py) = 132.0 Hz and 132.71-131.67 ppm with 1 J P-C(Ph) = 132.0 Hz) are in keeping with the structure of DPPO. The DPPO 1 H NMR spectrum agrees with the spectrum described earlier. 50 The 1 H NMR spectrum of DPPO is simplified by protonation. Addition of a drop of strong acid (H 2 SO 4 ) leads to the separation of most of the signals: the d.d. signal at 8.32 ppm corresponds to 3′-protons of bipyridyl, d.t. at 7.96 ppm is related to the 4′-proton of bipyridyl and the last 5′-proton of heteroaromatics is a part of the multiplet at 7.46 ppm. At the same time, protonation leads to a shift of the phosphorus 31 P NMR signal to 21.86 ppm. The 1 H NMR of PnPPO also supports the bis( phosphinoxide) structure, but the signals are more separated than those for DPPO. The protons of the common benzene ring are shifted to 7.70 ppm, and the protons at positions 3 and 8 and positions 4 and 7 form two doublets at 8.02 and 7.63 ppm, respectively. Structures are also supported by mass spectroscopy and elemental analysis.
The structures of the phosphinoxide-bearing ligands were studied by X-ray analysis ( Fig. 1 , Table 1 ). Structures of phos-phinoxide-bearing ligands, DPPO and PnPPO, are shown in Fig. 1 . A striking feature of these ligands is the unfavourable conformation for metal ion binding: both diphenylphosphinegroups are unfolded relative to the pyridine ring in anticonformation. The dihedral angles between the PvO group and the pyridine ring are close to 180°for both of the ligands (Table 1) .
This feature can be considered as a general peculiarity of the 2-pyridinephosphineoxide-type ligands. We also tested the structure of 2,6-bis(diphenylphosphine)pyridine oxide (PyPPO) prepared according to a known procedure from commercially available 2,6-dibrimopyridine, 50 and the structure of 9-diphenylphosphinephenanthrolin-2-one oxide 1 (Fig. 2 ). Both show anti-conformation of the PvO group relative to the pyridine ring ( Table 1) . At this moment it is still unclear if this feature is typical for all pyridine-containing phenylphosphinoxides, or whether this conformation is limited only to diphenylphosphinoxide-bearing pyridines.
The length of P-O bonds is approximately 1.49 Å for all investigated ligands. This distance is considerably greater than that found in Me 3 PO (1.44 Å), 51 but is in good agreement with the P-O bond length for uncoordinated diphenylphosphinoxide groups in 4,5-bis(diphenylphosphoranyl)-1,2,3-triazolate (1.465 (5) (1) bond lengths are about 1.82 Å, which is close to the corresponding length of the heterocycle-phosphinoxide C-P bond found earlier. 45, 52 Both phosphorus atoms are near tetrahedral, and the corresponding angles are presented in Table 1 and ESI. † The DPPO and PnPPO molecules do not form hydrogen bonded solvates in crystals. In contrast, PyPPO and phosphinoxide 1 show hydrogen bonding, either with water molecules, or during dimerization. Water molecules form strong hydrogen bonds with one of the phosphinoxide groups (2.14 Å H⋯O, O-H⋯O angle 172°, see the ESI †). Partly hydrolysed phosphinoxide 1 in the crystal form dimerises by strong hydrogen bonding (distance 2.937(3) Å, N-H⋯O angle 155(3), see in the ESI †) between the CvO oxygen atom and N-H hydrogen. Phosphinoxide 1 crystal packs by C-H⋯π stacking interactions (2.488 Å) between the phenyl rings of phosphinoxide moieties of neighbouring molecules.
In spite of the unfavourable arrangement of the donor atoms, both tetradentate phosphinoxide-bearing ligands readily form complexes with lanthanides (Scheme 3).
Diphenylphosphinoxides DPPO and PnPPO react rapidly with 4f-element salts in acetonitrile under reflux with the formation of corresponding mononuclear complexes of a general composition LLnX 3 , where Ln is La, Eu, Gd or Er. MALDI-TOF mass spectrometry confirms the formation of mononuclear complexes; the mass spectra possess characteristic peaks of composition LLnX 2 + for both ligands and all the metal ion salts in accordance with earlier observations. 39 A striking feature of europium complexes with DPPO and PnPPO is the presence of peaks corresponding to an unusual composition LLnX + , which is attributed to hypothetical reduction of the europium species. All observed signals exhibit the expected characteristic isotopic distribution patterns. The fragmentation of trifluoroacetate complexes is more complicated. The decomposition of the fluorinated counter-ion leads to a fluorine anion, which is able to replace TFA − in the complex and form mixed ions with compositions LEuTFAF + and LEuF 2 + .
The IR spectra provide more information about the structures of the complexes. The intense band near 1200 cm −1 , corresponding to the PvO stretching, is very sensitive to metal ion coordination. 18 We observed a significant lowering of the PvO band frequency from near 1200 to 1144 cm −1 which confirmed the coordination of the metal ions to the phosphinoyl group. For the complexes with metal ion nitrates the NvO bands for NO 3 Table 1 ). The P-O bond lengths are within the typical range. 45 A corresponding shift of IR bands was observed (vide supra). In contrast, the C-N bond in heterocycles does not undergo such changes (see the ESI †). The phosphorus atoms undergo tetrahedral distortion, which leads to a reduction in the O-P-C Py angles from about 111°to 107°( Table 1 ). The phosphinoyl groups are all are rotated around the C Py -P bond to adopt the conformation needed for metal ion binding. The OvP-C Py -N Py torsion angles significantly diminish. The complexes are reorganised differently depending on the nature of the ligand. DPPO undergoes twisting in both the phosphinoyl group and the bipyridyl moiety. The angle between the two pyridine rings is 22.4(9)°, but the angles for the two Ph 2 PO-groups are significantly different. One of the phosphinoyl groups lies near the plane of the heterocycle (−4.6(6)°) but the second is twisted from the plane to form a 28.1(6)°angle. In contrast, PnPPO undergoes relatively symmetrical distortion and the two phosphinoyl groups form a dihedral angle close to each other: −9.6(7) and 12.3(7)°.
The nature of the counter-ion has a crucial effect on the structure of the complexes: the nitrato complex possesses the decacoordinated gadolinium ion while the trifluoroacetatocomplex shows an octacoordinated europium ion in a distorted bicapped-trigonalantiprismatic environment (Fig. 4) . In PnPPOEu(TFA) 3 The Ln-O,N distances are significantly shorter for the octacoordinated lanthanide ion than for the decacoordinated lanthanide ion, both for the ligand and the counter-ion ( Table 2 ). So the metal ion enters deeper into the cavity of the tetradentate ligand for PnPPOEu(TFA) 3 than for DPPOGd (NO 3 ) 3 . The latter has an impact on the N-Ln-N and O p -Ln-O p biting angles: the angles for the Gd complex being significantly smaller ( Table 2 ).
Such differences in coordination environments must have an impact on the metal-centred luminescence of the complexes. Due to the unique photophysical properties of REE complexes with heterocycles, the study of the influence of the nature of the ligand and the counter-ion on the photophysical properties of the complexes is of great importance. 53 The difference in the coordination environment is due to the nature of the counter-ion that results in the discrepancy in photophysical properties of the complexes. Moreover, the coordinated water molecule suggests quenching of the luminescence of the corresponding complex permanently. The nature of the environment of the europium ion can be obtained through analysis of relative intensities of the transitions of its absorption and luminescence spectra. Absorbance spectra of complexes show very similar information for the complexes with the same type of ligands and are practically independent of the counter-ion (Fig. 5) .
The absorbance spectra of complexes DPPOEu(NO 3 ) 3 and DPPOEu(TFA) 3 have main maxima in the spectral region of 300-310 nm that correspond to absorption by the ligand. For DPPOEu(TFA) 3 this maximum shifts 2 nm towards shorter wavelengths. We can see different spectra for complexes PnPPOEu(NO 3 ) 3 and PnPPOEu(TFA) 3 . The absorbance maxima 2 2.431 (6) are located in the region of 275-290 nm and the PnPPOEu (TFA) 3 maximum is shifted 10 nm towards longer wavelengths. The luminescence spectra for the europium complexes give more information than that obtained from absorption spectra ( Fig. 6 and 7) . A typical europium emission spectrum shows intense luminescence signals and includes several maxima in the red region that corresponds to transitions 5 D 0 → 7 F J ( J = 0-6). 53 In this study we observed only the first five maxima: at wavelength 582 nm ( 5 D 0 → 7 F 0 ), 595 nm ( 5 D 0 → 7 F 1 ), 619 nm ( 5 D 0 → 7 F 2 ), 650 nm ( 5 D 0 → 7 F 3 ) and in the region 680-710 nm ( 5 D 0 → 7 F 4 ).
The first transition ( 5 D 0 → 7 F 0 ) that can be observed at the wavelength 570-585 nm is forbidden by the Judd-Ofelt theory 54 and this transition is an example of a discrepancy with this theory. To determine different Eu(III) species in solution the 5 D 0 → 7 F 0 transition can also be used. In this work this line was symmetric, and so only one type of europium was present in all the crystals of the complexes studied. The correlation of the wavelength that corresponds to this transition with the ligand coordination number can be suggested. 55 The second transition ( 5 D 0 → 7 F 1 ) can be observed at the wavelength 585-600 nm; this is a magnetic dipole transition. Its intensity is perfect for calibration of the luminescence intensity of the europium complex because it is almost constant. Crystal-field splitting of the 7 F 1 level is directly reflected by the transition and its intensity is the highest if we consider the spectra of solids with a crystal structure and with central symmetry. 56 The most intensive maxima corresponds to the 5 D 0 → 7 F 2 transition for all complexes and are called "hypersensitive" due to the fact that the strongest intensity of the maximum depends on the symmetry of the europium ion and the nature of the ligand. 39 This maximum can be found at the wavelength 610-630 nm. The intensity ratio of the transitions 5 D 0 → 7 F 2 and 5 D 0 → 7 F 1 is often compared with the intensities of the hypersensitive transition in different europium compounds as an alternative to measure the absolute intensity. 57 In general the 5 D 0 → 7 F 3 transition can be observed at the 640-660 nm spectral range and is very weak because it is forbidden. The strong intensity of this transition is a sign of strong crystal-field perturbation. 58 The 5 D 0 → 7 F 4 transition corresponds to the luminescence maxima in the spectral range of 680-710 nm. 59 The intensity of the 5 D 0 → 7 F 4 transition is too low and is very little 
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This compared to other transitions, whereas the intensity of this transition is exaggerated in an overcorrected spectrum. In this study, the 5 D 0 → 7 F 5 transition (740-770 nm) and the 5 D 0 → 7 F 6 transition (810-840 nm) were not observed because the intensities of these transitions are very low. 60 The ratios of intensities corresponding to 5 D 0 → 7 F 2 and 5 D 0 → 7 F 1 transitions are different for the complexes studied: for DPPOEu(NO 3 ) 3 and PnPPOEu(NO 3 ) 3 they are 6 and 5, respectively, showing deviation from an inversion centre in the complexes. 39 In complexes DPPOEu(TFA) 3 and PnPPOEu(TFA) 3 this ratio is ∼4, indicating that the deviation is not so strong.
The phosphorescence lifetimes of the 5 D 0 level in europium complexes in the solid state were 1.20 ± 0.03 ms for DPPOEu (NO 3 ) 3 , 2.16 ± 0.06 ms for DPPOEu(TFA) 3 , 1.01 ± 0.07 ms for PnPPOEu(NO 3 ) 3 and 1.84 ± 0.05 ms for PnPPOEu(TFA) 3 .
Quantum yields of europium complexes were measured using the reference dye method. Rhodamine B was selected as a reference dye because of its high quantum yield value and usability.
The values of luminescence quantum yields for different concentrations were calculated (Fig. 8 ). For PnPPOEu(NO 3 ) 3 the luminescence quantum yield equals to 11% at the concentration 0.1-3.0 × 10 −5 mol L −1 (but concentration depen-dence was not detected). For other complexes luminescence quenching at concentrations of more than 8.0 × 10 −6 mol L −1 was observed. The maximum luminescence quantum yield was observed for DPPOEu(NO 3 ) 3 and DPPOEu(TFA) 3 : it equalled 85% for both complexes. So the retention of a water molecule in the coordination environment of the europium ion in solution for complex DPPOEu(TFA) 3 is doubtful, while PnPPOEu (TFA) 3 seems to keep the water coordinated with the metal ion even in acetonitrile solutions.
The excitation spectra of complexes with the DPPO-type ligand have some maxima that correspond to electronic transitions: 5 L 6 ← 7 F 0 (390-405 nm), 5 D 2 ← 7 F 0 (460-470 nm), 5 D 1 ← 7 F 1 and 5 D 1 ← 7 F 0 (520-540 nm) ( Fig. 9 ).
The 5 L 6 ← 7 F 0 transition is the most intense in the excitation spectra of europium complexes. Excitation of europium to induce the photoluminescence transitions mentioned above is commonly used if the ligand excitation is forbidden due to the absence of efficient energy transfer. 5 L 6 level excitation allows direct population of the 4f levels. [61] [62] [63] The 5 D 1 ← 7 F 1 and 5 D 2 ← 7 F 0 transitions are hypersensitive ( J = 2). 
Conclusions
We successively designed and synthesized two related tetradentate N,N′,O,O′-ligands based on 2,2′-bipyridyl-and phenanthroline-bearing phosphinoyl-type substituents. The ligands were X-ray characterised and their complexes were studied in respect of the possible difference in metal ion coordination driven by the nature of the counter-ion or geometric rigidity of the ligand. Two examples of complexes with each ligand and every counter-ion (nitrate or trifluoroacetate) were examined by X-ray single-crystal diffraction. The coordination environment of the metal ion is strongly counter-ion dependent. But the conformations of the phosphinoyl groups relative to the pyridine rings depend on the flexibility of the ligand. As a result, the photophysical properties of the complexes are strongly ligand and counter-ion dependent:
• Absorbance and luminescence excitation spectra of complexes showed main peaks in the UV range which correspond to absorption by the ligand and they are ligand-dependent. Luminescence spectra of complexes showed typical europium emissions in the red region, with high quantum yield, that correspond to the transitions 5 D 0 → 7 F J ( J = 0-6).
• The value of deviation of the components of 5 D 0 → 7 F 2 and 5 D 0 → 7 F 1 transitions from the inversion centre showed a larger dependence on the counter-ion than on the nature of the ligand. Thus the degree of symmetry is more dependent on the counter-ion than on the ligand structure.
• The value of the luminescence quantum yield was the highest for europium complexes with the DPPO ligand and the NO 3 counter-ion; the smallest for complexes with the PhenPPO ligand and the NO 3 counter-ion.
• The value of phosphorescence lifetimes of the 5 D 0 level in the solid state was higher for complexes with the TFA counterion (about 2.0 ms) than for those with the NO 3 counter-ion (about 1.1 ms). A small dependence of the lifetime on the nature of the ligand was demonstrated.
Experimental

General
The NMR spectra were measured with a BRUKER AVANCE-600 (600.12 MHz) NMR spectrometer at 23°C. Chemical shifts are given in ppm relative to SiMe 4 (for 1 H and 13 C NMR) and 85% H 3 PO 4 (for 31 P). IR spectra were recorded with an Agilent 640 FTIR spectrometer with samples in KBr pellets. Mass spectra were obtained with a MALDI-TOF Reflex 3 instrument (BRUKER) in the positive ion mode (UV laser, 337 nm). 6,6′-Dichloro-2,2′-bipyridine, 47 2,9-dichlorophenanthroline 23 and 2,6-bis(diphenylphosphinoyl)pyridine 50 were prepared according to known procedures. All reagents and solvents were obtained from commercial sources.
For X-ray structure determination the data collection was performed with an APEX II CCD diffractometer. The structure was solved and refined against F 2 by full-matrix least squares techniques with the SHELXTL software package. 64, 65 3 ] contain the supplementary crystallographic data for this paper.
Luminescence properties of complexes were obtained for powdered samples in the solid state and in acetonitrile solution at 300 K using a Hitachi F-7000 luminescence spectrometer. Reflection geometry was used for detecting luminescence spectra of europium complexes in the solid state. Registration of absorbance spectra of europium complex solutions was performed with a Hitachi U-1900 spectrophotometer.
Synthesis of 6,6′-bis(diphenylphosphinoyl)-2,2′-bipyridyl (DPPO). To a stirred mixture of sodium (0.92 g, 0.04 mol) in dry dioxane (30 mL) under argon, a solution of chlorodiphenylphosphine (3.7 mL, 0.02 mol) in dry dioxane (20 mL) was added dropwise over 1 h. After the addition was completed and appearance of a bright yellow coloration was observed, the solution was refluxed for an additional 4 h. Then a solution of 6,6′-dichloro-2,2′-bipyridine (2.25 g, 0.01 mol) in dry dioxane was added dropwise to the solution of sodium diphenylphosphide at 0°C. The mixture was stirred overnight and treated with three equivalents of hydrogen peroxide to oxidize phosphine groups. Once the reaction was complete, the precipitate of DPPO was filtered off, washed with water and air-dried to afford a white solid (4.4 g, 80%). Found: C, 72.9; H, 4.8; N, 4.98. Calc. for C 34 Synthesis of 2,9-bis(diphenylphosphinoyl)phenanthroline (PnPPO). To a stirred mixture of sodium (0.3 g, 13 mmol) in dry dioxane (7 mL) under argon, a solution of chlorodiphenylphosphine (0.74 mL, 4 mmol) in dry dioxane (7 mL) was added. After the addition was complete the mixture was refluxed for an additional 2 h prior to use. Then a solution of 2,9-dichlorophenanthroline (0.5 g, 2 mmol) in 5 ml of dry dioxane was added dropwise to the solution of sodium diphenylphosphide at −18°C. The mixture was stirred overnight, and then treated with 25 ml of water followed by 150 ml of 5% hydrogen peroxide. Once the reaction was complete (about 30 min), the yellow precipitate of PnPPO was filtered off, washed with water and air-dried (0.8 g, 70%). Found: C, 74.15;
